Abstract. The 3rd Generation Partnership Project (3GPP) maintains Long Term Evolution-Advanced (LTE-A) standards. 3GPP Release 12, which provides LTE enhancements, was completed in March 2016. As various 3GPP LTE/LTE-A network architectures are expanding and improving, global telecommunications firms are competing to develop 5th-generation mobile telecommunications systems. Moreover, the development of world-class telecommunications infrastructure necessitates a simulation platform that meets global standards to assess the performance of telecommunications systems. Therefore, the present study proposed a three-dimensional spatial channel model that-in accordance with a 3GPP technical report (TR 36.873: "Study on 3D channel model for LTE")-included a wrap-around model and large-scale parameter correlation maps. This model was implemented to yield channel responses with spatial properties during an investigation into an LTE-A system. This improved the performance assessment of a telecommunications system with a large antenna.
Introduction
The design of wireless communication systems necessitates a channel model, which depicts various effects of signal propagation, such as the transfer of signals from the transmitter to the receiver, their reflection by barriers during the transfer, and the attenuation of power. The parameters simulated by the channel model are derived from instrument-based measurement; assessment and review by global telecommunications firms has yielded an internationally recognized procedure for conducting simulation through such models. Many new technologies have been simulated in the model to determine their attributes, strengths, and weaknesses.
Early communication systems were simpler in design and transmitted signals involving one antenna at both the transmitter and receiver-however, they provided inadequate observed scenario data and therefore applied tapped-delay-line models in channel simulation [1] . The systems used fixed numerical values to simulate channels, which are low in complexity but provide an incomplete picture of the effects of observed phenomena. However, through the observation and measurement of different scenarios, the systems came to be retrofitted with the typical urban channel model [2] , whose environmental parameters are more complex and stochastic.
Following the advances in technology, the use of multiple-input multiple-output (MIMO) technology and large antennas has increased; conventional channel models cannot simulate these technologies, and this limitation has contributed to the use of two-dimensional (2D) spatial channel models (SCMs) [3, 4, 5] . A 2D SCM considers multiple antennas and accounts for the impacts of signals from different angles on different antennas. However, because 2D models present data only at the 2D level, they cannot illustrate numerous functions that MIMO technology performs in the elevation direction, and 3D SCMs have been developed accordingly [4] . The 58th meeting held by the Radio Access Network Technical Specifications Group in the 3rd Generation Partnership Project (3GPP) addressed the use of 3D SCMs in long-term evolution (LTE) systems to evaluate elevation beamforming and full-dimensional MIMO [5] . Following the 60th meeting, the first version of a technical report on 3D SCMs, which is titled "TR 36.873: Study on 3D channel model for LTE," was published on September 12, 2013.
The report underwent several revisions, and its version 12.0.0 and 12.7.0 releases were published respectively on September 30, 2014 and January 5, 2018. In the present study, a channel simulation platform was constructed in accordance with TR 36.873 V12.0.0 [6] because calibration guidelines specified in the TR 36.873 V12.7.0 are based on TR 36.873 V12.0.0.
The rest of this paper are organized as follows. In Section 2, we introduce the theoretical framework of the 3D SCM. In Section 3, we describe the method of 3G SCM implementation. In Section 4, we show the simulation results. In Section 5, we give the conclusions.
Theoretical Framework of the 3D SCM Coordinate Systems
According to TR 36.873 [6] , a coordinate system uses Cartesian and spherical coordinates and represents data through both global and local coordinate systems (abbreviated respectively as "GCS" and "LCS"); the horizontal and vertical angles in the Cartesian coordinates of the GCS are defined as ϕ and θ, respectively; θ = 0 
3D SCM Implementation
In this study, simulations were conducted in accordance with the 3D SCM written in 3GPP TR 36.873 [7] . The model was written using a program published on the website of WINNER II [8] . It was converted through the ITRI's existing simulation platform into a channel model for the transmitter and receiver; during system-level simulation, it generated MIMO and 3D channel coefficients. These coefficients, derived from the results of channel-model calibration by global telecommunications firms that were published by the 3GPP [7] , are adequately credible and therefore improve the efficiency and validity of channel-model simulations and research.
Simulation Results: Summarization and Calibration

Simulation Parameters
This subsection discusses the parameters used by the simulation platform. For calibration in different phases, the parameters were specified in different ways. In particular, the number of user equipments (UEs) in each cell was set to be 30; below the value of 30, the cumulative distribution functions (CDFs) of all the parameters differed slightly from each other; for values greater than or equal to 30, the CDFs stabilized. Other simulation parameters are tabulated in Table 8 .2-2 in [7] . Fig. 1 presents the simulation results regarding UE attachment to base stations. Because of the limited length of this paper, only the simulation results for Phase 1 of the UMi scenario are shown in Fig. 1 . The simulation results of other phases and configurations of UE attachment can be referred to in [9] and [10] . In Fig. 1 , the x-and y-axes are scaled in meters; the color of a dot indicates the serving cell of a given UE; and the color of a triangle represents a given base station. The simulation results would have been unintelligible if all 57 cells had been presented separately. Therefore, each trio of cells with the same base stations is shown in one color. The figure also indicates that the serving cells of some UEs were not the cells closest to those UEs, because the propagation conditions of those UEs were identified as LOS after their serving cells had been processed by the LOS model. The wrap-around effect was noticeable on the edges of the network topology. 
Simulation Results of UE Attachment to Base Stations
Calibration
In accordance with 3GPP TR 36.873, calibration was conducted in two phases and two scenarios and with several parameters (Fig. 2) . This subsection presents the calibration of parameters in different phases. The CDF in this study was benchmarked against those produced by 3GPP members [11] through simulation in accordance with 3GPP TR 36.873. Table I shows the results of parameter calibration. 
Conclusions
This study presented a 3D SCM that met the requirements specified in 3GPP TR 36.873. Calibrated to improve the accuracy of its system-level simulation results and to align its channel response with international standards, the model may provide a foundation for research into 4G or 5G frameworks.
In this model, grids of varying sizes were used for the implementation of a network topology to lower simulation number and time. Moreover, multiple LSP correlation maps were generated for different base stations through displacement, thereby reducing the amount of simulation time and the amount of memory space needed to store these maps. Both processes facilitated simulations.
During our implementation of the 3D SCM, we gained an insight into UE rotation-caused polarization. Within standardized models, UE rotation renders antennas at the transmitter and receiver as vertically polarized, reducing RSRP to a minimum. However, in such models, the relationship between UE rotation and antenna positioning remains poorly understood; this limitation can probably be addressed by seeking clarification from the 3GPP. In addition, the generation of channel coefficients in this study caused out-of-memory errors and excessive computational loads.
We divided channel coefficients into time-variant and time-invariant variables to reduce the amount of time occupied by repeated computation and accounted for time-invariant variables when estimating RSRP. This helped to reduce the size of coefficients to be stored during system-level simulation, thereby decreasing memory usage. Bilinear interpolation was used to facilitate the estimation of antenna gain. The frequency responses of subcarriers were calculated by merging the subcarriers into a coherence resource element (CRE); although this approach did not allow the frequency response of each subcarrier to be determined, it expedited the estimation of singular values.
In summary, the findings of this study may lay the groundwork for future statistical channel models. While the 3D SCM was applied to system-level simulation in this study, it may have applications in other relevant areas of research.
